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The subject grant covers ROSAT studies of isolated pulsars as well as the super-

nova remnant W28. In addition to the ROSAT HRI observations of W28, we have

obtained ASCA observations of this remnant. By combining the high resolution map

produced by the HRI with the imaging and spectral information provided by the

ASCA data, we are investigating models for the global evolutionary properties of the

remnant.

Earlier high resolution studies of W28 with the Einstein Observatory revealed

a centrally-located point source, suggesting the possibility of an associated neutron

star. Our HRI observation reveals no such source3, however, nor is a corresponding

source seen in the ASCA data. This apparent variability in flux suggests that the

source is a background object rather than a neutron star.

Continued efforts to model the X-ray brightness distribution for W28 are un-

derway. Preliminary results suggest difficulties with interpretations of the center-

brightened diffuse profile based upon either evaporating cloud models are models for

radiative phase evolution. The results were reported at the recent Minnesota Astron-

omy Centennial workshop; a copy of the abstract is attached.
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POSTER SESSION

Session 1: Very Young Remnants

1.01

Laboratory Simulation of Hydrodynamic Phenomena in Supernova l_mnants

R. Paul Drake (U. Michigan), S. Gsil Glen_inni_g (Lawrence Livermore National Lab), Kent Estabrook (LLNL),
Richard McCray (U. Colorado), Bruce Remington (LLNL), A.M. Rubenchik (U.C. Davis), E. IAang (Rice) R.
London (LLNL), R.3. WaLlace (LLNL), J. Kane (U. Arizona)

We are developing experiments[l] using the Nova laser to investigate hydrodynamic phenomena relevant to
supernova explosions[2 ] and to SNIts. Our aim is to provide tests of the computational models now used to
interpret the astrophysical observations, mad also to provide data that suggests directions for their improvement. In
experiment8 relevant to Very Young SNP,s, we are investigating the evolution of the hydrodynamic assembly formed
by the collision of high-Mar.h-number ejecta with ambient plasma. This is motivated by modeling of SN1987A. The
aim is to improve the predictions of the impending collision between such an assembly and the nebular ring.
FUrther experiments will produce radiative hydrodynamic systems. These will be relevant to remnant formation in
the more typical Type II SN having a denser circumstellar medium. The SNR experiments and their connections to

modeling will be discussed. (Work supported by the US Department of Energy.} [1] B.A. Remington et al., in
press, Phys. Plasmas (May, 1997) [2] J. Kane et al., in press, Ap. J. Lett. (March-April, 1{)97).

1.02

The ]Nature of Recent ]_dJo Supernovae

Schuyler D. Van Dyk (Visiting scientist at UCLA), Marcos J. Montes (NRC/NI_), Richard A. Sramek
(NP,.AO/VLA), Kurt W. Weiler (NRL), Nino Panagia (ESA/STScI)

The radio emission from supernovae (SNe) is nonthermal synchrotron radiation of high brightness t_mperature,
with a _urn-on" delay at longer wavelengths, power-law decline after maximum with index B, and spectral index a
asymptotically decreasing with time to a final, optically thin value. Radio supernovae (RSNe) are best described by
the Chevalier (1982) "mini-shell" model,with modifications by Weiler et al. (1990). RSNe observations provide a
valuable probe of the SN circumstellar environment and progenitor system. We present a progr_=,s report on the
nature of the recent Type 1To SNe 1993J and 1996cb, and of the Type Ic SN 19941.

1.03

Radio Emission fi'om Supernovae

S.D. Van Dyk (UCLA), M..1. Monte, (NRC/NRL), K.W. Weiler (NIt.L), B.A. Sramsk (NKAO-VLA), N. Pauagia
(STScI/ESA), _ Park (TJHS)

Radio supernovae (RSNe) are an excellent means of probing the circumstellar matter mound, and therefore the
winds from, supernova (SN) progenitor stars or stellar systems. The observed radio synchrotron emission is best
described by a modified Chevalier model which involvm the generation of relativistic electrons and enhanced
magnetic field through the SN shock interacting with a relatively high-density cir_ar envelope, presumed to
have beenestablishedthroughmass lossinthe late stages ofstellarevolution.

SincethedetectionofSN 1979C in1980,extensivedatahavebeen collectedand analyzedfortwo dozenRSNe.



loss times, and a power law spectrum with a spectral index of alpha - 1.3 +- 0.2, we conclude that the hard X-ray

feature is synchrotron radiation from a site of enhanced particle acceleration. Evidence against a plerion includes a
lack of observed periodicity (the pulsed fraction upper limit is 33spectral similarity with another more extended

hard region, the location of the source outside the 95source, the fact that it is nestled in a bend in the molecular

cloud ring with which IC 443 is interacting, and the requirement of an extremely high transverse velocity (i. 5,000

kin/s). We conclude that the anomalous feature is most hkely tracing enhanced particle acceleration by shocks that
are formed as the supernova blast wave impacts the ring of molecular clouds.

4.19

A ROSAT Study of Centrally-Condensed X-ray Supernova Remnants

Knox S. Long (STScl), WiUaim P. Blair (JHU), P. Prank Winlder (Middlebury College)

The ROSAT PSPC has been used to observe four supernova remnants, ItB 3, HB 9, HB 21, and W 63, that are

members of the class of remnants with shell-like radio and/or optical morphologies and centrally condensed X-ray

morphologies. The ROSAT X-ray images of all of the SNRs show considerable internal structure. In the cases of

HB 3 and HB 9 the X-ray emission almost fills the region within the radio shell. The emission from HB 21 and W

63 does not fill the radio shell, but this may simply be due to the fact that these two SNRs are fainter and the

surface brightness of the outer portions of the SNRs falls below our surface brightness limit.

The ROSAT spectraofallfourremnants are similar,peaking sharplyat about 0.9 keV, and arisemost likelyfrom

thermal X-ray emission from normal abundance plasmas with effectivetemperatures in the range 0.2 - 0.7keV. The

X-ray observationsare supplemented by new HA and ISII]images obtained for thisstudy. In general,there isa

poor correlationbetween the X-ray and radio or opticalstructuresintheseSNRs. The thermal energy content of

the hot gas we detectinHB3 and HB9 iscloseto that expected ofa typicalSN explosion,but the energy contentof

the hot gas in HB21 and W63 isfaxless,consistentwith the suggestionthat these two SNRs are wellintothe

radiativephase oftheirevolution.

Session 5" Thermal-Filled Composite Remnants

5.01

ASCA Observations of Two Composite SNRs: VRO42.0S.01 and $C400.2

David Burrows (Penn State U.),Zhiyu Guo (Goddard Space Fhght Center)

We presentASCA observationsof two old composite SNRs: VR042.05.01 and 3CA00.2. Both remnants have a

center-filledX-ray morphology which has been interpretedon the basisof ROSAT PSPC data as conaistentwith

the White and Long model ofevaporation ofembedded cloudlets.The X-ray spectra ofthe two differdramatically.

VR042.05.01 has a nearlyfeaturelessspectrum, consistentwith very low abundances ofMg and Si.3C400.2 has

strong Si and Mg lines. We discuss our spectral fitting results and possible explanations for the spectral differences.

5.02

Center-Filled X-ray Morphology in SNRs

PatrickSlane (Harvard-Smithsonian Center for Astrophysics),J.P.Hughes (Rutgers),R. Petre (NASA/GSFC),

J.-H. Rho (Saclay)

A distinctsubset ofmoderate age remnants are characterizedby an X-ray morphology Which iscentrally

brightened,in complete contrasttothe limb-brightenedradio profile.In some cases (e.g.CTA 1,MSH 11-62),

recentobservationshave shown that the centralemission isnonthermal in nature,presumably associatedwith a

pulsar-drivensynchrotron nebula. For others,however, the centralemission isdecidedlythermal. The evolutionary

characteristicswhich have led to such an observed profileare not wellunderstood. One possiblescenarioisthat the



_hells in these remnants have recently gone radiative, thus leaving only the hot interior to persist in X-rays.

A-5other _uggestion is that the central emission measure has been enhanced by the presence of cool clouds left

relatively intact after the passage of the blast wave to slowly evaporate in the hot remnant interior. We have

applied models for these scenarios to the X-ray brightness and temperature profiles for the center-filled SNRs MSH

ll-61A and W28. Here we report on the results of this study and discuss the age, energy, and density

characteristics implied by the models for these remnants.

5.03

Excitation and disruption of a molecular cloud by the 3C391 supernova remnant

Rho, J.-H. (CEA-Saclay, France) and Reach, W. T. (IAS-Orsay, France)

The interactions with clouds, which possibly provide evaporating clouds, are being confirmed in infrared and

millimeter wavelengthes for 3C391 and W44. The brightness of the [O11 63 _n line, an energy trac.er_ was
~ 0.3 - 1.4 x 10 -s erg cm -2 sr -z, detected in the 20 positions observed toward both remnants. The lines of 3C391

and W44 are brightest strongly peaked, at the edges of the remnants, which brightness surest pro-shock densities

> 103 cm -a and ram pressures of order 10 -7 dyne crn -2, compared with theoretical models (e.g. Hollenbach &

Mckee 1989), as might occur for a supernova blast wave interacting with a molecular cloud. Continuum emission

toward the remnant, expected from dust heated by the shock is detected. The radiative energy loss infers that the
remnants are in Sedov Stage, rather than a radiative phase. We have also mapped a molecular cloud, into which

the shock front of the SNR 3C391 is currently impacting, in three lines of CS simultaneously, HCO÷ and 12CO

(J--2-1) using IRAM 30m telescope, in order to study the excitation of molecular gas by a fast shock. We detected

a broad wing in all CS lines as well as in HCO+, which are as broad as that of the only other dear example of

molecular shock in ICA43. With our map of the CS line ratio, we will present if there are pre-existing dense
condensations in the pre-shock cloud, which survive the initial blast wave and evaporate inside the remnant, and if

it can explain the center-Riled X-ray emission.

5.04

ASCA Observations of MSH1_-56

Paul Plucinsky (Smithsonian AstrophysicalObservatory)

We presem ASCA observationsof the SNR MSHIS-56. MSHIS-56 isan example ofa remnant which defies

classificationschemes; itisa "composite" SNR in the radioand has a complex X-ray morphology consistingofa

partialshelland a bright,centralenhancement. The remnant has the classiccomposite morphology in the radio

consistingofa compact centralregion with a non-thermal spectrum with alpha= -0.1and an outer shell,alsowith

a non-thermal spectrum but with a significantlysteeperspectrum, alpha - -0.4.The X-ray enhancements are not

spatiallycoincidentwith the centralradio enhancement; but they curiouslylieon eithersideof the radio

enhancement. The ASCA data show that the X-ray emission from the centralregioniscompletely thermal, while

the emissionfrom the SW shellisa mixture ofthermal and non-thermal components, with the non-thermal

component accounting for about 20 GIS spectrum from the centralre,ion iswell-fittedby an equilibrium,

Raymond-Smith model with solarabundances and the spectrum from the SW shelliswell-fittedby an equilibrium,

Raymond-Smith and a power-law model. There issome evidence for an overabundance ofSi in the centralregion.

We willdiscusspossibleexplanationsforthe existenceof the non-thermal component inthe SW shelland also

compare the ASCA data with the ROSAT data to betterdetermine the overallstructureand evolutionarystateof
the remnant.

5.05

Study of the Composite l_mnant MSH 11-62

Ham= (Hm-vard-SmithsonianCenterforAstrophysics),Dr. John Hughes (RutgersU.),Dr. Patti& Slsne
(Harvard-SmithsoninnCenterfor Astrophysics)

We presentan analysisof the X-ray data collectedduring an observationof the supernova remnant (SNR) MSH

11-62 by the Advanc_ Satellite.forCosmology and Astrvphl/sica(ASCA). We show that MSH 11-62 isa composite


